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. ABSTRACT 

Six Alberta soils, which had yarying rates of fertilizer phos- 
phorus applied to them for four or five years, were investigated to 
determine if an accumulation of phosphorus occurred with time and to 
see if crops could utilize this "residual" phosphorus. Two years 
after fertilization was terminated in the field, bulk soil samples 
were taken for laboratory and greenhouse studies. Total phosphorus 
was determined prior to the first greenhouse crop. Extractable 
phosphorus analyses were also done before the first greenhouse crop, 
as well as after each greenhouse crop. Dry matter yields of each of 
the four greenhouse crops were taken and phosphorus content was 
determined on the plant material. 

It was found that for all sites studied, extractable phosphorus 
in the soil increased as a result of fertilizer phosphorus applica- 
tions over a number of years. This increase varied with the amount 
of phosphorus applied as well as the type of soil. It was also shown 
that the "residual" phosphorus which had been built up over time could 
be utilized by plants. Extractable phosphorus in the soil and phos- 
phorus in the plant showed a steady decrease with cropping. 

It was concluded that extractable phosphorus will be increased 
in most soils when fertilizer phosphorus is applied for a number of 
years at rates in excess of crop removal. The extent of extractable 
phosphorus built up depends, to a large extent, upon the amount of 
phosphorus the soil can "fix" or render unavailable to plants. 

Soils which have high “fixing" capacities show smail increases in 
extractable phosphorus over time and require somewhat higher rates of 


fertilizer phosphorus than would low phosphorus "fixing" soils. 


TU 


os dig raat igs, apest av.) Oe 
09) Kita oe) shaky bans een 


(akieaiiet ua Sine «bistz etd ey stat faa 
eimotetoig fador wakieiss agsotaDe exe cis inci tgs 
gigdayeiera sgn ceonisserm Yerze ate aan 


qots seboditesan tasis ets g7utsc. — orale: ; 
: ii Ts mer? 

lo eet @htaty steed v2 ote omki abe 1: iG eas + ie 

oy, * 

: - ie e 

new Whagites emntarnty fu. cowed: Stow apa 


> 


be ce 4 edad 
ed re rept trie. ‘Bg ra 


ved 


7 


ent cebyectiie ius ii 1 Ts % ee Piaiy 1 S57 i.2 Af fe s02 ve =a, | 
| | ss Ay 4 


“ant kage catonqnoty. ssiatshod rek! €3 aee °F * ee es 


Sno aghnigitin OOrIey Steet ont. al/Pt. SABE ao heap > 

we 025 pay 3 4 faneaec need sit. 25 ee neg: ‘ota 

Lives amry inn opt aida Feee Bstsie suo sateen Randa oaed 
“SAG Sinn. dice ond na ae i # B 2 

pela, oe a se ie Wc a 

staykquerte ibe eve sies theses 3 basis Af dent aiid nil! oie 


faenot act LL ie etedgeceiy iderier sag forte bebsine ns eewar * ae 


| a. 
te soma & 2 Baa tane Ri avronamrit xpi ided ody ebive ee Se 


Steam oso a sh&ecm>s gots Lo eesvay, mk gesas rm 


Se sie i aah digees ietel ete Sian ea Bi atBes ee 


op baat cx rd eat: — TAM ab “eee” ae Pam bas mira 
a - ; 


sae wimins, vei soatianghe "gat tet | 


ACKNOWLEDGEMENTS 

Sincere appreciation is expressed to Dr. J. A. Robertson for 
his valuable guidance and encouragement throughout the course of 
this study. His criticism and assistance in the preparation of 
the manuscript is sincerely appreciated. 

Appreciation is extended to Dr. G. R. Webster and Dr. W. G. 
Corns for their suggestions for improving the manuscript. 

Thanks are extended to Mr. W. Oborn, Mr. J. Konwicki and Mr. 
B. Fielhaber for ‘their assistance throughout the’ course’ of this 
study. 

Special thanks to Mrs. Rita Alexander for her careful typing 
of the manuscript and to Dr. T. G. Alexander for his advice and 
assistance on many aspects of the research. 

I would like to give very special thanks to my parents for 
their sacrifice and encouragement throughout the course of my 
studies. 

And finally, to my fiancee, Lynda, I express my deepest 


gratitude for her understanding and encouragement. 


. ty SUC Bay 
36: Rol Aeeace ps eh 
rT aa Bas pgede 
. STIRRED GAS 
vt fom Liles = JM , Aad: al 3 oe tic 
Bae 30 DSR LT Suet ee rie createed: diam 
Fa es “aie ee i ee 
oti | tukiaes, 7 oF. Sen 2 smi = ta 03 sana | 
Site. ules dist wot tobdieeda a aie, 3 ae afte; 
: . ~ «fhe il oa at eri * = ‘“paueimt’ So nai 
ao} ase fishies ve oy! boesishts age wise wide pl too a 
h wm Se: Seye aft opoceondy Sisal fae cotta 


. te ay ho i" 


! - 
; : ta he 
7 7 7 i ae fie 


. inh) 
i= ast) Cavan 


: aebaneii ‘Nm eases Listen anyieds yr Ot ~~ etek Sing! 


z 


| ) : ‘ eg 
ae, Stepp ENG ie: petites educa, edt sult a 
. ; > _ ? ~ 


“aie ' 


hove te a 


‘Chapter 


Lt 


Eid 


Lv 


Vit 


TABLE OF CONTENTS 


INTRODUGCH ONG Oitiereleie em. ofe Sika eteee cialw oils wine «6's POGEEHEECORBEGCC 
LITERATURE REWGEW: i woe S2G. ies Munctot al ai folie: eye ete os '= asl aaa falls 
A. Factors Affecting Phosphate Fixation ........ Ste etevene 
B.. pRestaval- PncspnemistStudies, so c5sisos 4 dele vaees By eet 
Cet CONCAUS TONS tetea te o.asiets ere cele so ole Biche lee inteu ls awe idvein aiaisls 
MATERIALS AND METHODS ....... Sirti en we ses ae eaneheeeiwiete ee oats 
Aw -BackQuounds Materia tae otis cele oe area vere pater slate we aie, cise : 
B.. } babmandr Greenhouse: Works .2.82i. tae. Gio ca auaie ects ster otene 
Co Methods OrmCnenr Cale Analy SCS se cc «oasis oo else co's 0 o's ere 
RESULTSSAND® DISCUSSION 2h-s Risen see an SO Gao omc Wieie oa oe 
A. Residual Effect as Revealed by Chemical Analysis .. 
be a Greg ar BANS oe Layo ao & bk: WM Soipie son ene eae agree ett Wetavaterenaueionte 
De EXE PACH AON err OOSPTIOLUSY wa xdls aie ec cbse cals oes ees 
B. Residual Effect as Revealed by peeetotcs Crops; 4s 
AO Veh Ce Te a On ete) rave eae, ore var cer ct iaie/are wets alate eas 
i On previously unfertilized soils ......... 
ples t On previously fertilized soils ..... eerie. 

iii Effect of adding phosphorus in the 
GLGEMNOUSE: Leterrier slaes <8, eheceie ee © eats eleNerene ane te 
2. Phosphorus Content of the Plant Material ...... 
Co ae PLelar Daca “sg setts suai ctew cvstela cleig nlete ret ONE Bers elevates 
GENERAL DISCUSSION | crews oils weielee cs ale cie's prec. Sraiglietwle o ecane 314 
GESTVOr REP ERENCES? ss eio's «erate ape’ « HS OOOUO SUE ES OO walele sie 
APPENDIX eeeaeeoesee*es#e*#e#e#e#r#ekeeset# s @ eeee#eeee#e#eev#ees8¢ eeeoeensteeeeeneeeeeeeee 


Page 


54 


5g 


66 


kh ; : 2° ¥ PRs Fi ‘ > lm re 7 + -, 


; an! 
m A : 7 .] 
hi POOPOUreteT eT Peerereeteeteerete te Tee 
‘ ; a a b a 
\ 4 : ae " 
“ “a 


oft 


‘Bictes atin ¢ 


©. ithe eee eee ae a 
§ StU A eae on - ihiri2? soya 


» we @ me 2-6/0 ese ee 8 «= 6 4 


La ud ble: bh ek ers ok bh alr Ie 0 ciency. Leese oA 


' ia were ous Yee nw re Denia ePie-celiedeiek joes a 
eee eee eT hae sun lenA [ap aRanD ‘in! acted ot, > 


Pox ‘SRRWars Incineits yo Golssved as Joege taebieee 

Le ctiea el Aline yr Wigan osifes 4%» mi .- Shsiteeot hes? 4 a 

CS in easel MAb ; sqsa aut aidarsien tea 

ae dened Tweet! WM batter ay es steel Te” a 

| Fas mhADAy xe dun vickt ca ssa a 

Oe ies ve WORSE Se LL3: TAI Ce! Viiekvesg Ye > 

im cdeviecr Wiebe, ai iG tke cares sid ~% Piston > +4 2 Ws 
nity Ba aw ‘eat Ge ie hai a : | 2 

Be vets Oka GE™ oy" . Sel Aaa A 7 

Me iagwes Se soda. eres sind ‘ae ere au ceviges a 5. | 7 

Of iat. bese nteibe nn ebeauncen ist ta a <a &" Toa 

L- Daay 


PE ope avn eg tea Sea ds sd Ady hc dea he eo ri — Py 


a) a 
en +8 © 2 be Oo WO ae | ° o ? ‘ a 
af, 


Table 2 


Table 3 


LIST OF TABLES 


Site details and classification of soils used in 
residual phosphorus studies. 


Central composite design showing nitrogen, 
phosphorus and potassium treatments applied in 


the field from 1964 - 1968. 


Total phosphorus on the soil samples prior to 
the first greenhouse experiment. 


Barley grain yields in the field. 
Correlation of extractable phosphorus vs. yield, 


phosphorus content, and phosphorus uptake for 
the four greenhouse crops. 


vii 


16 


22 


52i 


56 


= 


OF 


an 


OF 


* ie 


nb sein aia Se + degathi ste et re © 
saworneise att 


- 
. 


elIbig velied- 26 Sass ae 
betcha 4 ott ea 


Swakis ystted) Ge See: ee ve vn 
at: 


7 
—, 


Plate 


Plate 


Plate 


Plate 


Plate 


Plate 


Plate 


LIST OF PLATES 


Growth of barley in the fourth greenhouse 
experiment on soil of site Ol. 


Growth of barley in the fourth greenhouse 
experiment in soil of site 03. 


Growth of barley in the fourth greenhouse 
experiment in soil of site 05. 


Growth of barley in the fourth greenhouse 
experiment in soil of site 21. 


Growth of barley in the fourth greenhouse 
experiment in soil of site 23. 


Growth of barley in the fourth greenhouse 
experiment in soil of site 25. 


ix 


Page 


a3 


33 


34 


34 


32 


35 


nee 


‘a jA% sabe Fe tees ab 
emote: dtwnok se eh Yebred ty 
ag , Oy ES sie ge ee me a rye 
saroinecap Gave? ody ad “eke Qo mewn. 
vs ' 0% eile 26 1.02 tif Syemiakeep 
; ? Ms 
‘ yok : a} 
+ 4 5 . ef * 
= i i a ‘ ‘ 
© 7 is - ’ > : 5 ~ 
5 A . ' 
4 a 
at. SY i ” Pat cad 4 ‘ 
ks ae - PAB OF ¢ 
= : t 
Lo Ga ‘ ! 
tT -* al ar ? et fy a ? 
a Aa qin: a Te ee ; ar . ae 
2 : Dn ha - . 
& = ee roth r % i. es ‘ a hn 1 = 7 - * 
ov av 4 ty oy, ea +3 : 


~ E65 aie to fink 


senadadete edie pe at penlccaget ihe ie 
80 cae 30:5 tenet seh $4 


stunilehnre. Tet aa, Aa vofzad Fee. 


ZL INTRODUCTION 

While phosphorus is acknowledged as being very important in 
plant nutrition, relatively small amounts (much less than nitrogen 
and potassium) are taken up by See However, due to tne low 
efficiency of phosphorus fertilizer, the amount of phosphorus 
applied is similar to, and often exceeds that of nitrogen fertili- 
zers. One of the most important reasons for this low efficiency is 
the soil's ability to "fix" the fertilizer phosphorus into a 
relatively unavailable form which plants are unable to utilize. The 
degree to which a soil can accomplish this depends upon a number of 
factors including pH, type of clay present, organic matter content, 
soil moisture and temperature. 

A great deal of work has been done on the subject of phosphorus. 
Due to its lack of mobility, phosphorus is generally never lost from 
the soil in any appreciable amounts and should therefore be increased 
in the soil when fertilizer phosphorus is applied at rates exceeding 
crop removal. Theoretically this “residual phosphorus" should increase 
over time to such an extent that eventually soils would need only 
"maintenance" amounts of fertilizer each year. However, the fate of 
phosphorus in the soil is extremely complex and, as mentioned before, 
is subject to large numbers of variations which make it difficult to 
predict how fertilizer phosphorus will react when introduced into a 
particular soil. 

Much of the work concerning availability of residual phosphorus 
has been carried out in the United States and relatively little work 
has been done in Western Canada and especially Alberta. Therefore, 


this project was initiated to study whether or not extractable phos- 
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phorus was increased in the soil after a.number of years of phosphorus 
fertilization and whether crops were able to utilize any of this 


"residual" phosphorus. 
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II LITERATURE REVIEW 

The importance of phosphorus in plant nutrition is attributed to 
its effect on maturation of cereals, root growth, strength of straw 
in cereal crops, disease resistance, flowering and fruiting, and 
general crop quality. Biochemically, it is recognized as a constituent 
of nucleic acid, phytin and phospholipids (Tisdale and Nelson). A 
lack of this element may pa eoUR other nutrients from being taken up 
by plants. The interrelationship between nitrogen and phosphorus has 
long been known, and prior to extensive use of commercial fertilizers, 
most of the soil nitrogen was indirectly dependent upon the supply of 
phosphorus, due to the influence of phosphorus on legume growth 
(Buckman and Brady 1968). 

Although phosphorus is very important to crop production, 
plant requirements and therefore crop removal is lower than for 
nitrogen and potassium, often being only one third or one quarter 
that of the other two elements (Buckman and Brady 1968). However, the 
amount of fertilizer phosphorus applied is frequently half that of 
fertilizer nitrogen. For example, the total tonnage of phosphorus 
(P) sold is more than 45 percent of any other fertiliazer nutrient 
sold in the United States (Buckman and Brady 1968). This trend is 
probably very similar in Canada and is certainly true in the provinces 
of Alberta, Saskatchewan and Manitoba (Robertson 1969). It becomes 
apparent that if large quantities of phosphorus relative to nitrogen 
must be added to insure good crop growth, then either the recovery of 
the added phosphorus by the plants is low or a large percentage of it 
is lost from the soil by other means. 


Studies have shown that only a fraction of fertilizer phosphorus 
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added to the soil is utilized by plants (Campbell 1965, Leamer 1963, 
Soper and Racz 1967). When 26 pounds per acre of phosphorus was 

added to the soil both Campbell and Leamer found that only 17 percent 
Was utilized by the crop in the first year. After six years, less than 
50 percent was utilized by the crops. Soper and Racz state that 20 

to 30 percent of the added phosphorus is utilized by the plant in the 
first year. 

Several ways by which phosphorus might be lost from the soil can 
be suggested. Leaching of soil phosphorus may be important in coarse- 
textured soils, or soils high in organic matter (Sutton and Larsen 
1963). However, because of the very limited mobility of phosphorus 
compounds, very little downward movement of phosphorus is thought to 
occur in most soils (Tisdale and Nelson 1967, Buckman and Brady 1968, 
Maclean A. A. 1964, and Rich et ai 1948). Erosion could also be a 
very serious problem in areas of high rainfall or high wind when 
accompanied by poor soil management. Where these pvr exist, 
erosion could be very serious because of the tendency to remove the 
finest soil particles highest in nutrients, including phosphorus. 
Although the problem is undoubtedly serious in some areas, it could 
not be considered to be a factor when discussing the universal 
inefficiency of phosphorus fertilizer. 

Another recently proposed mechanism of phosphorus loss is through 
reduction of phosphorus to phosphene, and hence, loss in the gaseous 
form (Tsuboto 1959). Very little research has been conducted in this 
area, but it would be surprising if loss by this mechanism was 
normally significant. More work is obviously needed on this subject. 


We can tentatively conclude therefore, that not much phosphorus is 
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lost from the soil by ieaching, erosion or in gaseous form. 

If the fertilizer phosphorus cannot be recovered readily by 
plants and is not being lost from the soil, then it must be present 
in the soil in some "fixed" form which is less available to plants. 
This phosphorus which is left in the soil is termed residual phos- 
phorus and is present in various forms. The factors which affect the 
fixation of available phosphorus are therefore of some importance. 
Several reactions of the applied phosphorus with the soil have been 


proposed. 


A. ‘Factors Affecting Phosphate ‘Fixation 

The pH of the soil is indirectly an important factor in the 
fixation of phosphorus. Some researchers (Benne et al 1936, Teakler 
1928, Wiley and Gordon 1923 as cited by Allison 1943) report that the 
fixation of phosphates is mainly due to calcium when the pH is 
greater than 6.0. (Chang and Chu 1961), however, demonstrated that 
in soils of pH 5.3 - 7.5, added soluble phosphorus was’ fixed mainly 
by aluminum followed by iron and calcium. Other workers, too, have 
proposed that aluminum appears to be the dominant factor in phosphorus 
retention (Saini and Maclean 1965, Bromfield 1964, and Williams et al 
1958). Wiid (1950), on the other hand, showed that only at pH levels 
below 4.5 are ee appreciable amounts of iron and aluminum phosphates 
formed. There are a large number of unknown variables in soils which 
make it virtually impossible to accurately predict at what pH value 
specific reactions stop and different reactions take over. 

Rathji (1960) proposed that phosphorus equilibria in soils could 


be represented by the following reaction: 
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Ca phosphate + 
A shift to the left occurs as a result of an alkaline reaction and to 
the right by an acid reaction. In effect, Rathji refuses to attach a 
specific pH range where phosphate compounds have greater or lesser 
solubility. His proposal ees to take into account the wide range 
of variables which affect both pH and phosphate solubility; variables 
which apparently were not taken into account judging from the contra- 
dictory results obtained by the workers in the previous paragraph. 

If the specific pH values assigned by these workers are ignored, it 
becomes apparent that there is little disagreement among the results 
obtained. Other workers also appear to be in agreement with Rathji's 
proposal (Sacki and Okamoto 1960, Bromfield 1965, Hsu 1964, and 
MacKenzie 1962). 

The pH of the soil solution has also been found to be a factor 
with regard to plant uptake of phosphorus. Maclean and Cook (1955) 
have shown that the best uptake of native phosphorus by alfalfa 
occurred at a pH of 7.5. They found that liming the soil to 6.5 or 
7.0 gave maximum yields of aifalfa on soils where phosphorus was 
added. Others ae found that liming of acid soils tends to increase 
the availability of phosphorus (Beater 1945, Dunn 1943, MacIntire and 
Hatcher 1942, and Salter and Barnes 1935). In contrast, Neller (1953) 
found that increasing the pH of acid soils by liming did not increase 
the uptake of phosphorus by oats and millet. The opposite results 
obtained by Maclean and Cook, and Neller may be partly explained by 
crop species as it is likely that types of crops play an important 


role in determining phosphorus uptake. 
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There appears to be a close relationship between clay percentage 
and phosphate retention (Wild 1950}. Olsen and Watanabe (in Campbell 
1956) stated that to attain a given phosphate concentration in the 
soil solution, 3.9 times as much phosphorus had to be added to a 
Clay soil as for a fine sandy loam. They further stated that for 
every 10 percent increase in the clay content, an additional 22 
pounds of phosphorus was required to obtain an equal recovery by 
plants. Soper and Racz (1967) suggest that the phosphate ions may 
replace OH ions at the edge of clay lattices, OH ions associated 
with Aen ions at the crystal edges, or other ions held on positively 
charged sites of clay particles. The type of clay present, as well 
as the amount, appears to be of some importance in this respect (De 
1960, Stout as cited by Allison 1943, Allison 1943, Kanwar 1962, and 
Alexander 1967). However, other workers have found little relation- 
ship between phosphorus fixation and clay content (Franklin et al, 
1960, Williams et al, 1958 and Saini et al 1965). Saini and Maclean 
(1965) are convinced that the role which has been attributed to clay 
is due to active aluminum, and possibly iron, which were associated 
with it. If so, the clay is therefore relegated to an indirect, 
rather than direct, role in phosphorus fixation. 

The organic matter or humus content of the soil is effective 
in decreasing the amount of fixation of phosphorus. Some workers 
have shown increased fixation with the removal of humus from the soil 
(De 1961, Dunn 1943). De (1961) believes that the humus partially 
saturates Sigtaweyrer, sess valences of the mineral lattices and thereby 
cements the soil particles together. The resulting reduction in 


surface area causes a reduction in phosphorus fixation. Many 
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organic substances commonly found in soils are yery effective in 
preyenting the precipitation of phosphate by iron and aluminum between 
PH values of 3.0 to 9.0 (Struthers and Sieling 1950, and Swensen 1949). 
Others state that various fixed phosphate substances are readily 
broken down by the action of organic substances thereby releasing 
phosphorus for plant uptake (Mattson as cited by Maas and Bentley 
1946). Saini and Maclean (1965), however, have suggested that organic 
Matter may increase phosphorus retention through a direct combination 
of organic matter and phosphorus. They go on to say, however, that 

a more plausible explanation for phosphorus retention by organic 
matter is aluminum associated with the organic matter and not by the 
organic matter itself. 

Microbial activity may also result in immobilization of soil 
phosphorus. Alexander (1961) stated that phosphorus may be both 
mineralized and immobilized, depending upon the percentage of phos- 
phorus in the plant residues undergoing decay and the nutrient 
requirements of the responsible population. Consequently, in the 
decomposition of substrates poor in Paosncosues a portion of the 
available nutrient supply may be immobilized from the surroundings. 

Several other factors have been implicated in phosphorus 
retention. The percentage of moisture in the soil may affect the 
rate of transformation of the more soluble Al-phosphates to the 
relatively insoluble Fe-phosphates (Chang and Chu 1961). The higher 
the moisture content, the faster is the transformation process. Other 
workers have shown different fixation capacities of the soil depending 
on the temperature (Muljade 1966). The addition of some salts, 


especially sodium salts, may increase the solubility of calcium 
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phosphate (Wild 1950, Tobia et al 1964, and Soper and Racz 1967)% 

Soper and Racz have shown that the inorganic phosphorus compounds 
which form in the soil, determine to a large degree, the availability 
of the applied phosphorus. In the provinces of Western Canada, the 
main inorganic phosphorus compounds formed are of calcium and mag- 
nesium. Compounds such as CaHPO4°2H 90 and MgHPO4-3H20 are relatively 
soluble and could therefore provide relatively large amounts of 
phosphorus to plants. Other phosphate compounds such as CaqgH(POq)3°- 
3H2O and Cajo(P04)¢6(OH)2 are very insoluble and would therefore provide 
little in the way of phosphorus rE plants. Some workers state 
that fertilizer phosphate remains available for some time in the soil 
(Soper and El Bagouri 1964 and Spratt and McCurdy 1966). A general 
and slow transformation of the more soluble phosphates to the insol- 
uble phosphates undoubtedly takes place (Lindsay and Stephensen 1959). 

B. Residual Phosphorus Studies 

Residual phosphorus is present in nearly all soils to a greater 
or lesser degree, depending on the amounts of fertilizer previously 
added. There have been few studies on residual phosphorus in Western 
Canada and therefore the time over which this residual phosphorus is 
released and thereby beneficial to succeeding crops is not well known. 

Ridley and Hedlin (1962) conducted a study on a long term rota- 
tion experiment to which phosphorus had been added for 38 years. 
They found that the total inorganic and extractable phosphorus eae 
of the soil was increased while the organic phosphorus fraction was 
not affected. The experiment was set-up using 4 year rotations of 
fallow, wheat, corn and barley. The phosphorus was applied once 


during the rotation, prior to seeding wheat in the second year of 
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the rotation, They found a phosphorus response in the first crop 
(wheat) but no residual effects on succeeding crops. This appears 
strange when one views the results they tabulated. After 38 years of 
adding phosphorus (once every 4 years} they show extractable phosphorus 
values as high as 78 - 98 kg P/ha for some of the plots. receiving 
higher rates of phosphorus. Values this high should certainly show 
some residual effects on succeeding crops. However, it must be noted 
that Soper and Racz (1967), in citing work by Doughty et al (1954) 
Newton et al (1945), and Rennie and McKercher (1959), concurred with 
Ridley and Hedlin in that little crop response to phosphorus is found 
except in the year applied. 

Dawley (1965) conducted a study on residual phosphorus using a 
silty clay loam in Saskatchewan. The soil had received 20 kg P/ha for 
7 years while in pasture. The fertilized pasture did not respond to 
the fertilizer phosphorus (Cooke Beye Dawley showed, however, that 
after the pasture was plowed up and barley sown, the residual phos- 
phorus increased yields. He suggested that the broadcast phosphorus 
was not available to the hay, but became available to the barley roots 
when mixed into the surface soil. 


Much work has been done on residual phosphorus in the United 


States, Similar experiments were undertaken in Montana (Campbell 1965), 


New Mexico (Leamer 1963), and Oregon (Hunter et al 1961). All three 

soils were calcareous and were on irrigated soils. A 6 year rotation 
was used with phosphorus (P) rates of 0, 29.1, 58.2, 117.6, and 235.2 
kg/ha applied at the beginning of the rotation. In all 3 experiments, 
crop yields were increased as a result of residual phosphorus uptake; 


the yields being proportional to the previous rate of phosphorus 
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applied. 

Other workers (Peck et al 1965, Sutton and Larsen 1963, Hutton 
and Robertson 1961, Weeks and Miller 1948, Salomon and Smith 1956, 
Prince 1953, Rich et al 1948, Rubins 1953, Smith 1957, Warren 1956, 
Webb and Pesek 1954, Moschler et al 1957, Ensminger 1960, and Olsen 
et al 1954), while conducting studies on dryland soils in different 
areas of the United States also reported a significant yield response 
to residual phosphorus. Similar results have been reported by 
workers in various other countries: (Giskin et al 1973, Hughes and 
Searle 1964, Mattingly 1963, Piper and DeVries 1964, Simpson 1963, 
Boswinkle 1961, and McAuliffe et al 1951). 

Although the large majority of workers report definite yield 
increases from residual phosphorus in the soil, the length of time 
maximum yields can be maintained after phosphorus applications are 
terminated differ somewhat. Some workers have reported maximum or 
near maximum yields for at least 16 years after phosphorus fertili- 
zation was discontinued (Giskin et al 1973). Others have reported 
maximum yields for 5 years after phosphorus fertilization was terminated. 
How long maximum yields will be maintained depends upon the length of 
time phosphorus fertilizer is applied, rates of fertilizer applied, 
"fixing" capacity of the soil, moisture content, temperature and other 
soil and weather factors. Some workers contend that the type of 
fertilizer applied makes a difference in the residual effect of the 
phosphorus. Boswinkle (1961) showed that the residual effects of 
superphosphate were greater than rock phoshate when applied at the 
same rate. However, others have shown that superphosphate increased 


yields over rock phosphate initially, but the residual effect of the 
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rock phosphate was greater (Doll et al 1960}. Mattingly (1964) 
showed that where equal amounts of phosphate was added as super and 
rock, the superphosphate increased total and NaHCO3 - extractable 
phosphate while the rock phosphate increased total P but not the 
NaHCO3 - extractable phosphate. After 3 cal however, total and 
NaHCO3 - extractable Sees values were very similar for the two 
sources. 

Spratt and McCurdy (1966), working with a clay chernozem, found 
that even with high residual phosphorus values, maximum yields will 
not be attained without the addition of some fertilizer phosphorus 
with the seed. They contend that in the early spring, when the soil 
is cold, native phosphorus is not readily available and the needs of 
the seedlings are high. The fertilizer phosphorus, which is readily 
available and in close proximity with the seed, is readily utilized. 
They term this a "starter effect" which they claim is evident regard- 
less of the level of available soil phosphorus. 

C. Conclusions 

When fertilizer phosphorus is added to the soil, fixation of the 
majority of available phosphorus into relatively unavailable forms 
usually takes ieee The process may be very fast or may take several 
months depending on the type of soil and various other factors. The 
release of this fixed fertilizer phosphorus over time may provide 
available phosphorus to plants after fertilization has been terminated. 
This is termed available residual phosphorus and its importance is 
potentially high. The problems, however, are many and vary with the 
soil types and climatic conditions. 


Although a large number of studies have been undertaken with 
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residual phosphorus, few of these studies have been initiated in 
Western Canada. Many of those studies which have been carried out 
appear to agree that phosphorus fertilization over time does increase 
residual phosphorus and the benefit to subsequent crops is significant. 
However, because the numbers of studies are few, we lack sufficient 
data which would enable us to form definite conclusions regarding 
residual phosphorus in Western Canada. Whether residual phosphorus 
exists in Alberta soils and whether crops will benefit from it will 


therefore be the aim of this study. 
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IIIf MATERIALS AND METHODS 
A.. Background Material 

In 1964 a detailed study was initiated to evaluate the effects 
on barley yields of fertilizer and soil nitrogen, phosphorus, and 
potassium. Soil water and some climatic factors were also included 
in this study. Initially, two Chernozemic soils (sites 01 and 21) 
were used and in 1965 four additional sites (3 Luvisols and 1 Cherno- 
zem) were added. Legal locations and soil classifications are given 
in Table 1. Particle size analyses using the pipette method were 
reported by Heapy (1971) for the six sites and are also summarized in 
Table l. 

Phosphorus rates of 0, 13, 27, 40 and 54 kg/ha were applied in 
combination with 5 rates of nitrogen and potassium using a central 
composite design (Tabie 2). The test crop was Gateway 63 barley. The 
grain was harvested from the sites and a straw application equalling 
the amount removed was returned to the soil. After the 1968 crop the 
fertilizer applications were terminated, but cropping continued through 
1973 to evaluate residual effects of the previously applied fertilizers. 
In 1972 and 1973, blanket applications of nitrogen were applied to all 
sites. 

In the spring of 1971, two years after fertilization was terminated, 
bulk samples of the 0-15 cm. depth were taken to represent each of the 
five phosphorus levels at the six sites (Table 2). Note that the plots 
receiving the 0, 27 and 54 kg P/ha P had received no nitrogen during 
the 1964 - 1968 period while the 13 and 40 kg/ha plots also received 
34 kg N/ha in addition to phosphorus (Table 2). Note also that of the 


five previous phosphorus treatments sampled, only four were chosen for 
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TABLE 1 


Site details and classification of soils used in residual phosphorus 
studies. 


Sand* Silt* Clay* Textural Soil 
Site Legal Location % % % Class Classification 
Ol NE-24-51-25-4 24 46 30 Clay loam Othic Black 
Chernozem 
03 SE-28-52-21-4 38 44 18 Loam Orthic Gray 
Luvisol 
05 SE-11-54-22-4 38 36 26 Loam Eluviated Black 
Chernozem 
Zu NE-2 4-40-27-4 57, 25 18 Sandy loam Eluviated Black 
Chernozem 


23 NW-29-41~-23-4 44 44 ee Sandy loam Orthic Gray 
Luvisol 


25 NW-21-42-23-4 44 47 9 Sandy loam Orthic Gray 
Luvisol 


* Particle size analyses for O - 15 cm depth 
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TABLE 2 


Central composite design showing nitrogen, phosphorus and potassium 
treatments applied in the field from 1964 - 1968. 


Phosphorus Potassium Nitrogen (kg/ha) 
(kg/ha) 874 fi) anlatnwet i ay ies daeadee © i a 
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the greenhouse study (Q, 13, 27 and 54 kg/ha). It was thought that 
the maximum practical application rate for farmers would be the 27 kg/ha 
P and thus only one higher rate, the 54 kg rate, was included against 
which the other three previous phosphorus rates (0, 13 and 27 kg/ha) 
could be compared. A lack of space in the greenhouse also helped in 
deciding against the use of the 40 kg UG 

The samples were taken by digging furrows 15 cm deep across each 
of the plots. These samples were then passed through a 0.5 cm screen 
and thoroughly mixed. Stones, straw and other debris were discarded. 
A small representative subsample of approximately one kilogram in size 
was taken from each of the larger bulk samples. These subsamples were 
further crushed to pass through a two mm screen and used for physical 
and chemical analyses. 

B. Laboratory and Greenhouse Work 

Using the bulk samples collected in 1971, a greenhouse study was 
initiated. The reason for this study was to determine eo what extent 
previously applied phosphorus fertilizer increased the phosphorus 
levels in the soil and to what extent greenhouse crops would benefit 
from the residual phosphorus. Laboratory analyses, such as extractable 
and total phosphorus in the soil, and plant phosphorus as well as 
continual cropping in the greenhouse, were used to show the changing 
phosphorus status in the soil and the effect this had on the consecu- 
tive crops. It was further hoped that the study would show the minimum 
concentration of extractable phosphorus for each soil which could 
produce maximum crop yields. 

Soils from each of the four previcus phosphorus treatments from 


each of the six sites were used in the greenhouse experiment. These 
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24 treatments were arranged in a randomized block design with three 
replicates, Each treatment consisted of a pair of pots located side 
by side, one pot receiving no further phosphorus additions, the other 
receiving phosphorus at the commencement of each greenhouse crop. 
Thus, the effect of the previous P treatments on the various sites 
could be evaluated in three ways: 


(1) yield of the pot which received no further phosphorus 
additions in the greenhouse 


(2) increase in yield when phosphorus was added in the 
greenhouse; i.e. the difference in yields for the 0 


and plus phosphorus rates 


(3) the relative yield i.e. (the yield of the pot with 0 
phosphorus) /(yield of the pot with added phosphorus) 


Each of the pots contained 1100 gms (oven dry basis) of soil. 
Two phosphorus rates (0 and 30 ppm P as KH5P0,) were applied in the 
greenhouse to the four previous treatments. Nitrogen (100 ppm N as 
NH4NO3 and (NH4)5S04), potassium (80 ppm as KH9P04 and K2S0q4, and 
sulfur (30 ppm as K2SOq4 and (NH4)2S0q4)) were applied to all pots. 
The four nutrients were applied in solution form in a band slightly 
beneath the seeds. Six barley seeds (Galt for the first crop and 
Olli for the remainder) were planted and thinned to three seedlings 
after emergence. Soils moisture was controlled by weighing and 
watering the pots to 1/3 atm. Four consecutive greenhouse crops 
were run over a period of 9 - 10 months. The first crop commenced in 
the middle of October and continued to December lst, 1972. The 
second crop commenced December 20th and ran until the first week of 
February, 1973. “The third crop went from March Ist to April 15th and 
the fourth crop went from May lst until June 15th, 1973. Between 


each crop the soil was allowed to air dry in the pot. A soil sample 
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was taken os determination of extractable phosphorus. The remaining 
soil was then passed through a 0.5 cm screen, mixed, returned to the 
Same pot and reseeded. After the first crop, the roots were mostly 
discarded when the soil was passed through the screen. In later 
experiments as many roots as possible were returned to each pot. 

Total phosphorus, extractable phosphorus by two methods (Miller 
and Axley (1956) and Olsen (1954)) and pH of the soil were measured 
prior to the first greenhouse experiment. After each of the four 
greenhouse experiments extractable phosphorus was measured by the 
Miller and Axley method only. The dried plant material from each of 
the experiments was ground to pass through a 20 mesh screen. Phosphorus 
content was then determined on this material. 

All analyses done in this study were in duplicate and average 
values recorded. 

C. Methods of Chemical Analyses 

The pH of the initial samples was determined using the standard 
paste method. Total phosphorus was extracted by a wet digestion 
procedure as outlined by Pawluk (1967), except that the sample was 
ignited at 600° C instead of 900° C. The procedure is described in 
Appendix A-1l. Phosphorus in the extract was determined by the ascorbic 
acid-reduced molybdophosphoric blue color method in H2SO4 system 
(Watanabe and Olsen 1965), as outlined in Appendix A-2. Phosphorus 
was extracted by the Miller and Axley (1956) (0.03 M NHygF and 0.015 M 
H2SO04), and Olsen (1954) (0.5 M NaHCO3) methods, except that the 
ascorbic acid-reduced molybdophosphoric blue color method in HjS0q4 
system was used for the colorimetric determination of phosphorus 


(see Appendix A-2). The phosphorus content of the plant material was 
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determined following digestion in perchloric acid (Isaac and Kerhber 


1971) as outlined in Appendix A-3. 
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IV RESULTS AND DISCUSSION 
The soils used in this study were taken from field plots which 
had received various rates of phosphorus fertilizer for four or five 
years. The phosphorus applications were terminated and two crops of 
barley grown before the samples were taken. We attempted to evaluate 


residual phosphorus in the soil by chemical methods and plant growth. 


A. Residual Effect as Revealed by Chemical Analysis 
1. Total Phosphorus 


The total phosphorus content of the soils prior to the first 
greenhouse experiment showed a slight increase as the previous P 
rates increased from 0-54 kg/ha (Table 3). In most instances an 
increase occurred between the O and 27 kg rates and in all instances 
between the 27 and 54 kg rates. Between the 0 and 13 kg rates and the 
13 and 27 kg rates, little or no increase is evident. 

The fact that there is little evidence of residual effect at the 
13.4 or even 26.8 rates is partly explained by the precision of the 
determination relative to the amount of phosphorus added. For example, 
the average total phosphorus values frequently represent two values 
varying by 25 to 50 ppm. The lower rates of phosphorus added expressed 
as ppm and disregarding crop uptake, were of the order of 25 to 50 ppm. 
Hence, the sensitivity of this method for detecting residual phosphorus 
in the soil would appear to be very low. 

Although previous phosphorus treatments had little effect on the 
total phosphorus, there is a very clear difference in total phosphorus 
amongst the different soils. The three Chernozemic soils (site Ol, 05 
and 21) have very much higher total phosphorus values than the three 


Luvisolic soils. As will be seen later however, the high total phos- 
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TABLE 3 


Total phosphorus (ppm) on the soil samples prior to the first green- 
house experiment. 
(Average of 2 determinations). 


Previous P 


(kg/ha) 
0 780 260 830 835 460 5a5 623 
LS 760 270 920 725 500 600 630 
Pie oie; 285 840 885 590 615 665 
54 840 520 895 ayo 625 650 750 


Average 789 336 S7rt 885 529 610 
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phorus in the soils does not mean a higher plant extractable phosphorus; 
in -fact,-in these soils the relationship tends to be inverse. 
24 Extractable Phosphorus 

There was a definite increase in extractable P at all sites asa 
result of adding phosphorus fertilizers for several years (Fig. 1-3, 
upper curve, and Appendix A-5). Usually the extractable phosphorus 
levels increased as the previous phosphorus applications increased 
from 0 to 54 kg/ha/yr. Further, the greatest increases were observed 
for the sites (21, 23, 25) which were originally highest in extractable 
phosphorus. (Appendix A-5). 

However, while a general increase in extractable phosphorus 
occurred for all sites, little or no increase was noted between the 
0 and 13 kg/ha rate of previously applied phosphorus. In fact, in 
some instances, a slight decrease occurred. The reason for this may be 
that when the previous phosphorus fertilizer applications occurred, no 
nitrogen was applied to the plots receiving the 0, 27 and 54 kg/ha 
rates of phosphorus whereas the plots which received the 13 kg/ha 
rates also received 34 kg of nitrogen (Table 2). This added nitrogen 
may have increased crop uptake of applied P to the extent where the 
extractable phosphorus in the soil did not increase. 

Extractable phosphorus in the soil prior to the ist greenhouse 
crop waS measured by the Miller and Axley (1956) and Olsen (1954) 
methods (Fig. 4 and Appendix A-6). A high correlaticn (r=0.90) was 
found between the results of the two methods and it was therefore 
decided to use only the Miller and Axley method for all remaining 
determinations of extractable phosphorus. The high correlation between 


the two methods was also found by Robertson et al (1968) and Omanwar 


aa ies 
witieilp he hE beaten. ot ticles (ea atege eh + ti 


Ksigemets BRL 6012 BTS SOC NaeONy BVOlVeEG avis Es Seaneie 


KL oF exvacy acca oi ici a orek td oe weno 


nh, 


bev'seeay Wee neabessnl weeten2.0 ott . zee aet 


| ee 
Slceaon Shp wi stusigta gitentpiso stqw madite (es 
; oe 


. 


/ af 
Mithigqueig sidezosuses i seers? Levene @ elade tevewol 


v3 adapad beton wew Seeeteed on 36 Siseel ‘PSP be. ihe nol 


th ,t9e mM .adoetigeody hebiqys yiaveieses Sa deen wave ef bas OF . 
é » se it eal 


4 ; Wf a : “ “#4 
et vee aii) qok noaeae eet | forte sémanneh nivetels » Stoaszea) 


We 
& .Soxueoe aimisonkicnss Maiis392 apsofageecle tema bree - qt aditve 
sated Be Bow TC. oO sar welw bones aloh@ a of Salloup aa 


EWN Cf ade betieses pokth? etyta ecte atest, arybiqnady a ‘te ti 


vaporizing heathy. 2eN7 246 whet Srooas ic to o8 Sh ‘ee wieses ein oan ey 


_ 
q 


ec? oumiw hemes mle od 2 badllegs to sas gues iwanowaed oven” we : 
(MMASTANT Joo bib Lien ade af ay xed lanzy sic apeaamel, 
_ seuarinaey $2l ote wh acttug Lice nds ai  oubaeeabioet “wif antnernael 


: tenet: seo, She (ORAL) “bina bits tedLiM su YE tevtvenow a gone, i 


Lose 


+ thane! Meh. AOA tenn Sie b ati: Abeta. 

‘. See ee ik Joie Aabiiat tn: ae aoe Sx esha ae Sir ile oe 
webinars Ls 28. Bye atk fs. ins tage sa on yea: Te 
———s shan OEE ae celta: whe eoe Rix Ay irene eS an a 
HORS oe inne btw thle ed hl | 


vee 


SITE 01 
Prior to greenhouse crop 1 
mre ia BAT Ler. greenhouse..crop) 1 
100 ——--—— After greenhouse crop 2 
ee ae Oe ee After greenhouse crop 3 
Q, 
a 80 —— After greenhouse crop 4 
Ay 
= 
fe) 60 
I 
| 
O 
o 
i 
wv, 40 
ca 
20 
0 
SLTE.-0 3 
100 
E 
oF 
& 
a, ee 
o) 
~ 
Q 
6 
v 60 
O 
© 
4 
wv 
*% 
ca 


40 


20 


Previous P Treatment (kg/ha) 


Figure 1 (top and bottom) 


Extractable phosphorus in the soil 
by the Miller and Axley method 
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Figure 2 (top and bottom) Extractable phosphorus in the soil 
by the Miller and Axley method 
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Figure 3 (top and bottom) Extractable phosphorus in the soil 
by the Miller and Axley method 
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A relationship between levels of extractable 
phosphorus by two methods 
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With each successive greenhouse crop, there was a.general 
decrease in extractable phosphorus for all sites and all previous 
phosphorus treatments. This relationship showed particularly well 
for site 23; for each succeeding crop there was a nearly parallel 
decrease in extractable phosphorus. The other sites showed similar 
trends but with exceptions, the main one being for site 21. For the 
second greenhouse experiment, an extractable phosphorus value of 16.2 
ppm was recorded for the soil previously receiving phosphorus at 54 
kg/ha. i.e *yalue ue obviously anomalous (Figure 2 - bottom) and 
must have resulted from a sampling error. Unfortunately, by the time 
this value was obtained, the third greenhouse crop was in progress 
and a duplicate soil sample could not be taken. 

For three sites (01, 03, 05), the extractable phosphorus level 
was reduced by the end of the fourth crop to a similar level of about 
5-10 ppm for nearly all the previous phosphorus rates. For sites 21, 
23 and 25, the extractable phosphorus levels had not been reduced to 
this level, presumably because of their initially higher values. With 
further cropping it is probable that the soils of these three sites 
(21, 23, and 25) would also reach extractable phosphorus values of 
approximately 5 ppm. 

We can see then that phosphorus additions to a soil over several 
years does increase extractable phosphorus. The extent to which the 
extractable leveis are sa cpaenl by phosphorus fertiiization is 
apparently related to both rate of phosphorus additions and soil 
properties. The extractable phosphorus is in turn removed by the 


growing of several crops. This extractable phosphorus which is 
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increased by fertilization and later removed by crops can be referred 


to as residual phosphorus. 


B. Residual Effect as Revealed by Greenhouse Crops 
1. Dry Matter yield 
= ‘On “Previously Udfeveviisea Sotls 

The total yields of the four greenhouse crops were calculated for 
each of the four previous phosphorus rates. The "unfertilized" soils 
mentioned in the above heading refers to the control soil or the previ- 
ous phosphorus rate of 0 kg/ha. 

The total yields for the previously unfertilized soils ranged from 
2 to 15 g/pot (Figs 5-7, Appendix A-7, and Plates 1-6). As the extrac- 
table phosphorus increased (Figs 1-3 and Appendix A-5) the yield also 
increased with two exceptions. Site Ol and 03 soils had the same 
extractable phosphorus level (about 5 to 10 ppm), but site O01 out- 
yielded site 03 by approximately 2.5 times. It would appear that 
even though the extractable phosphorus values for the two soils were 
the same, the plants in the site 01 soils were able to take up more 
phosphorus than could the plants in site 03 soil, that is the phosphorus 
in site 01 was more available to the plants than was the phosphorus in 
site 03. Several reasons for the difference can be suggested. First, 
site 01 soil is much higher in organic matter and total phosphorus 
(Table 3). Hence, a significant amount of phosphorus, which is not 


extracted by the laboratory method used may have been mineralized from 


the organic matter during cropping and hence used by the crop. Secondly, 


soil from site 01 may have provided a better growth medium (water, 
aeration, fertility) than that from site 03, thus allowing for better 


root growth and/or phosphorus uptake, in spite of the same extractable 
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Dry matter yields of barley grown in the 
greenhouse 
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Previous P Treatment (kg/ha) 
* 30 ppm P added in the greenhouse 


Fig 6 (top and bottom) Dry matter yields of barley grown in 
the greenhouse 
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Fig 7 (top and bottom) Dry matter yields of barley grown in 
the greenhouse 
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Plate 1: Growth of barley in the fourth greenhouse experiment on soil of 
site 01. Soil in the pots received (L to R) 0, 12, 24 and 48 lb P/acre 
(O, 13, 27 and 54 kg/ha). The soil on the right received 48 lb P/acre 

in the field and additional P in the greenhouse. 


i 
Plate 2: Growth of barley in the fourth greenhouse experiment on soil 
of site 03. Treatments the same as for Plate l. 
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Plate 3: Growth of barley in the fourth greenhouse experiment on soil 
of site 05. Treatments the same as for Plate l. 


Plate 4: Growth of barley in the fourth greenhouse experiment on scil 
of site 21. Treatments the same as for Plate l. 
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i 
Plate 5: Growth of barley in the fourth greenhouse experiment on soil 
of site 23. Treatments the same as for Plate l. 
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Plate 6: Growth of barley in the fourth greenhouse experiment on soil 
of site 25. Treatments the same as for Plate l. 
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phosphorus leyel. Thirdly, the inorganic forms of phosphorus were 
possibly different, which might result in unequal availability to 
plants in spite of similar extractability. Omanwar (1971) did some 
work on soil from site 03 and soil similar to site 01 and found 
significant differences in inorganic forms of phosphorus between the 
Chernozem and the Luvisol. Further study of the two soils would have 
to be undertaken before more conclusive answers could be obtained. 
The important point to note is that extractable phosphorus and avail- 
able phosphorus are not necessarily one and the same. The second 
exception noted is between site 21 and 23. While both sites tested 
near 30 ppm of extractable phosphorus, site 21 outyielded site 23 by 
a small margin. The explanation presented above may also apply here. 
One small note of interest is that in both of the above instances, 
when two sites had similar extractable P values, the Chernozemic 
soils (O01, 21) outyielded the Luvisolic sites (03, 23). 
ii. On Previously Fertilized Soils 

For all of the six soils total yield increased as the previous 
phosphorus rate increased (Figs. 5-7 and Appendix A-7). The increases 
ranged from four to eight g/pot. Consider, for example, site 03. The 
total yield for the previous phosphorus rate of 13 kg/ha was 2.6 g/pot. 
The total yield for the 54 kg/ha previous phosphorus rate was 6.7 g 
or an increase of approximately 4 g when the rate was increased from 
the 13 to 54 kg/ha rates. With the exception of site 03, the absolute 
increase was greater on those sites originally low in extractable 
phosphorus (sites 01 and 05). However, if expressed on a relative basis 


(% yield increase = (highest y- check y) (100) we find that all of the 
check y 
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low extractable phosphorus sites show much higher increases than do 

the high testing sites (21, 23, 25). Site 03, while showing a smaller 
absolute increase than sites 01 and 05, shows a very much higher per- 
centage increase than the other two low testing sites. It is note- 
worthy that site 03 shows a higher percentage increase than does site 
O01, even though the two sites had the same extractable P values. Sites 
21 and 23, which also had similar extractable phosphorus values, showed 
very similar percentage increases also. 

A reduction in the total yield occurred between the 0 and the 13 
kg P/ha rate for sites 01, 05 and 21. During the years when the 
fertilizer applications took place, the plots receiving the 13 kg/ha 
rate also received 34 kg N/ha while the other rates (0, 27 and 54 kg/ha 
P) received none. This added nitrogen may have encouraged the barley 
plants to take up more phosphorus than would have occurred if only 
13 kg P/ha had been added. The higher removal of phosphorus from the 
soil could have lowered plant available phosphorus in-the soil and 
hence account for the lower yields in the greenhouse. This explanation 
could certainly apply to the soils with lower extractable phosphorus 
(site 01 and 05). The yield decrease was not as severe for site 21 
and may be due to the originally higher extractable phosphorus level 
for this soil. Why the same observation was not made on site 03 is not 
clear. 

While there is a general yield reduction from greenhouse crop 
number 1 to crop number 4, paralleling the extractable P reductions, a 
great deal of variation exists among the four crops. Crop number 2 is 
especially anomalous because for most cases it outyields crop number 1. 


There are several reasons which could account for this increase rather 
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than the expected decrease in crop yield. The first greenhouse crop 
was Galt barley and was sown on approximately the first of November. 
The later greenhouse crops consisted of Olli barley and the second one 
was sown on December 22nd. The second crop, in addition to being a 
different variety, was also given more hours of light and a higher 
temperature. Subsequent crops were grown in the spring and early 
summer when they were able to receive more natural sunlight which may 
also account in part for the variation among the crops. An attempt 
was made to keep greenhouse conditions uniform for the four crops, but 
this was difficult to accomplish because of the number of people using 
the greenhouse space and the seasons over which the four greenhouse 
crops extended. 

iii. Effect of Adding Phosphorus in the Greenhouse 

As mentioned in the Materials and Methods, for each of the 24 
treatments (6 sites x 4 previous phosphorus rates) in the greenhouse, 
one pot received no further phosphorus additions while a second pot 
received 30 ppm P prior to each greenhouse crop. To this point, only 
the yields on the former have been discussed. 

For the soils of sites 01 and 03, the phosphorus applied in the 
greenhouse markedly increased total yields over those obtained from 
soils receiving only the 54 kg/ha previously (Figs. 5-7 and Appendix 
A-7). Thus the four or five field additions of phosphorus at a rate 
of 54 kg/ha did not increase the extractable (available) phosphorus 
sufficiently to permit maximum growth of the four greenhouse crops. 
However, as noted in the previous section, the previous phosphorus 
rates of 27 and 54 kg/ha did provide some residual effect. For the 


soils of sites 05, 21, and 23, the supplemental phosphorus added in 
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the greenhouse increased total yields te a limited extent. Even 
though the four or five field applications of phosphorus raised the 
extractable phosphorus level to 60 - 90 ppm, the available phosphorus 
level was not sufficiently high to maximize growth of the four green- 
house crops. For the soil of site 25, the supplemental phosphorus 
added in the greenhouse did not increase yields over those produced on 
the soil which had received 54 kg/ha for four years in the field. 

The residual phosphous increased the extractable (available) phosphorus 
sufficiently so that supplemental phosphorus in the greenhouse was not 
beneficial. The results for the soil for site 25 are contrary to the 
view of Spratt and McCurdy (1966) that added phosphorus at the time of 
seeding will produce yield increases regardless of the content in the 


SOs, 


. 2. Phosphorus Contént of thé Plant Material 


The phosphorus content of the barley was determined for five 
greenhouse treatments, the four receiving no added phosphorus and the 
one which had in the field received 54 kg P/ha and in the greenhouse 
30 ppm phosphorus prior to each crop. 

The phosphorus content of the plant tissue was affected to varying 
degrees by Brea phosphorus applications (Figs. 8-10 and Appendix 
A-8). This is shown especially well when the average P column (Appendix 
A-8) is considered. For sites 01 and 03, there is little effect of 
previous phosphorus applications on the phosphorus content. For 
sites 05, 21, 23 and 25, the phosphorus content tends to increase as 
previous phosphorus rates increase. Sites 01 and 03 originally tested 
low in extractable phosphorus in the soil while sites 05, 21, 23 and 


25 originally tested somewhat higher. This may offer some explanation 
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Figure 8 (top and bottom) Phosphorus content of barley 
plants grown in the greenhouse 


P Content. (%) 


P Content ($%) 


Figure 9 
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(top and bottom) Phosphorus content of barley 
plants grown in greenhouse 
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Figure 10 (top and bottom) Phosphorus content of barley 
plants grown in the greenhouse 
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for sites 01 and 03 showing little or no trend. 

There is a definite decrease in P content from the first to the 
fourth crop (Figs. 8-10 and Appendix A-8). This agrees with the 
trends shown for dry matter and extractable phosphorus and shows that 
as the phosphorus is removed from the soil by successive cropping, the 
phosphorus in the plants grown on the soil receiving the previous phos- 
phorus treatment of O and 13 decreased to a minimum level of 0.10 - 
0.15% by the third crop for all six sites. While this decrease to a 
low P content is understandable for sites 01 and 93, which were origi- 
nally low in extractable phosphorus, it is difficult to understand for 
sites 23 and 25, which originally had high extractable phosphorus and 
which after three or four greenhouse crops still had higher extractable 
Phosphorus levels than were initially present in sites 01 and 03. By 
the third crop, the plants on the soils from sites 01 and 03 were show- 
ing definite deficiency symptoms while the plants on the soils from 


sites 23 and 25 were not. 


As mentioned previously, a reduction in percent phosphorus occurred 


from crop 1 to crop 2 for all sites and previous phosphorus treatments. 
However, while some sites show a progressive decrease with each crop, 
others do not. Sites 01 and 03, both originally low in extractable 
phosphorus, show a more or less stepwise reduction while the remaining 
sites, which originally tested higher in extractable phosphorus, do not 
show thisstepwise decrease to the same degree. Crop 2 seems to be the 
key to this difference. 

For sites 01 and 03, the phosphorus content decreases steadily 
through to the third crop while for sites 21, 23 and 25, and the two 


highest previous phosphorus treatments of 05, the phosphorus content 
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decreased dramatically from the first to the second crop. For the 
third crop there is then a yery slight decrease or, in some cases, a 
slight increase in the phosphorus content over the second crop. The 
large decrease in phosphorus content from the first to the second crop 
was unexpected and may be partly explained by variations in growing 
conditions. While the four crops were growing, an attempt was made to 
keep the greenhouse conditions similar. For crop number 2, however, 
the plants received extra hours of light and the greenhouse compartment 
was at a higher temperature than for the other crops. For sites 05, 21, 
23, and 25, the second crop had very high dry matter yields and very 
low P contents. It seems then that the conditions in the greenhouse 
encouraged very rapid growth for the barley plants and that they were 
unable to absorb phosphorus fast enough to compensate for the rapid 
growth rate. The reason that crops grown on site 01 and 03 soils did 
not experience the sharp decrease in phosphorus content for crop number 
2 may have been that the residual phosphorus levels were low and fast 
growth would be unlikely. 

It appears that "luxury consumption" of phosphorus occurred in 
certain cases. In one particular instance (site 25 - crop 1) a 
phosphorus content of 0.50% was obtained which was somewhat higher than 
that needed to attain a maximum yield. Other examples of this "luxury 
consumption" included: site O01 - crop 1, site 05 - crop 1 and 4, site 
2 —ecropal p33; and 4, 2sltem2an=' crop 2, a3, ande4;land site 25 - crop 2. 

A steady decline in phosphorus content occurred over the four 
crops for the soils of sites .05,.21, 23: and 25, which had received the 
highest previous phosphorus dis and also had 30 ppm phosphorus added 


prior to each greenhouse crop i.e. treatment 54+ (Figs. 9 and 10) 
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This is curious as each of these treatments received what should haye 
been more than adequate amounts of phosphorus. Perhaps the continuous 
cropping produced other limitations on the soil which in turn caused 
less phosphorus to be taken up. Ridley et al, (1974) in citing work 
by Bingham and Barber (1960), Burleson et al 1961, and Melton et al 
(1970), showed that when high ae of phosphorus were drilled with 
wheat, yields were reduced, possibly due to a phosphorus induced micro- 
nutrient imbalance or immobilization. This may have been a factor with 
the high phosphorus rates used in this study. 

Dry matter yields and nutrient contents of plant tissue are 
affected See Te though to varying degrees, by nutrient avail- 
ability in the soil. Hence, it is common practice to calculate 
nutrient uptake (yield x nutrient content) to obtain a plant measure 
of nutrient availability. Because nutrient uptake integrates both 
yield and nutrient content, it tends to exhibit less variability than 
do either of the other two parameters. Hence, phosphorus uptake LO 
plants grown on the soils which were not fertilized in the greenhouse 
were calculated from the yields and the phosphorus contents. 

The phosphorus uptake generally increased for each site and crop 
as the previous phosphorus treatment increased (Figs. 11-13 and 
Appendix A-9). By combining the yield and phosphorus content data, a 
clearer separation among crops on a given site was obtained than for 
either the yield data or phosphorus content data alone. 

In some instances the results do not show the general increase 
mentioned above. For site 01 - crop 1 and 2; site 05 - crop l, 2 
and’ 3; "site 21-=-“crop’1,°2, 3° and 4;\‘and site’ 23'-—'crop 4; ther phos- 
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Figure 11 (top and bottom) Phosphorus uptake by barley 
plants in the greenhouse 
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Figure 12 (top and bottom) Phosphorus uptake by barley 


plants in the greenhouse 
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Figure 13 (top and bottom) Phosphorus uptake by barley 


plants in the greenhouse 
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ha than when it was 0 kg P/ha. These results are similar to the trends 
observed for yields (Pigs. 5-7) and phosphorus content (Figs 8-10). As 
discussed previously, nitrogen was added in the field to the plots 
receiving the 13 kg/ha rate of phosphorus, which may have increased 
phosphorus uptake in the field and caused yield and phosphorus content 
reduction in the greenhouse. 

For most sites there was a progressive decrease in phosphorus 
uptake which is evident for each of the eis ee phosphorus treatments 
from crop 1 through crop 4 indicating that not only can residual phos- 
phorus be built up in the soil, but that it can also be utilized by 
plants. This trend was shown by the extractable phosphorus data (Fig. 
1-3) the dry matter yield data ee 5-7), the phosphorus content 
data (Figs. 8-10) and now the phosphorus uptake data (Figs. 11-13). 
Those sites which were originally low in extractable phosphorus (sites 
O01 and 03), showed a rapid decline in phosphorus uptake and by the 
fourth crop, little residual phosphorus was absorbed by the plants for 
any of the previous phosphorus treatments. This PG ered by the 
fact that oa both sites, severe phosphorus deficiency symptoms were 
noticeable on all previous phosphorus treatments before the fourth 
crop. For sites 05 and 21, which were originally medium in extractable 
phosphorus in the soil (medium by comparison of the six sites in this 
study), phosphorus uptake also decreased over the four crops but some 
differences in uptake among the previous phosphorus treatments were 
still noticeable by the fourth crop. For the lower previous phosphorus 
rates of these two sites, some phosphorus deficiency symptoms were 
noticeable but they were not as apparent as those for sites 01 and 03. 


For sites 23 and 25, which were originally high in extractable phos- 
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phorus in the soil, the decrease in phosphorus uptake over the four 
crops was progressiye and well-defined. By the fourth crop deficiency 
symptoms were beginning to appear on the check pots, indicating that 
phosphorus uptake was marginal. For the remaining three previous 
phosphorus treatments however, the plants were very healthy, and the 
phosphorus uptake data suggested that they could still grow one or more 
crops before the plants would begin to show deficiency symptoms. 

C. Field Data 

N and P fertilizers were added from the commencement of the 
experiment (1964 or 1965) through the 1968 crop year. No fertilizers 
were added in 1969 through 1971. From 1971 - 1973 inclusive, blanket 
applications of nitrogen were applied to all plots but no phosphorus 
was applied. The yields for the specific plots from which the green- 
house samples were obtained are reported in Table 4. 

The field yield data can be split into two separate time periods; 
the first being the years 1964 - 1968 in which phosphorus was added to 
the soil, and the second being the years 1969 - 1973 during which no 
phosphorus was added. For the first four or five years one might 
expect a progressive yield increase, at least for plots receiving 
lower P rates on soils initially low in extractable phosphorus. 
However, the results show no such trend, the yields varying for any 
given site with the yearly weather conditions. 

For the years 1969 - 1973 it was expected that fieid yields might 
show trends similar to those exhibited in the greenhouse yields. In 
the greenhouse a progressive yield decrease was noted in most cases 
for each previous phosphorus treatment over the four greenhouse crops 


(Figs. 5-7 and Appendix A-7). However, no such trend was evident for 
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TABLE 4 


Barley grain yields in the field. 


Yield (q/ha) 


19GS* ss 


Site P. (kg/ha) 1964* 1965*% 1966* LIG7e 
Ol 0 12.4 2365 16.4 12.8 13.4 
a3 Los 30-2 18.5 Tile 2465 
27 22-9 2 ee’ 30.4 24.1 24.5 
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+ P fertilization terminated after 1968 
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the field yields. One reason for this was that when the phosphorus 
applications were terminated in 1968, so too were the nitrogen applica- 
tions. This may have resulted in the very poor yields which were 
evidenced from 1969 - 1971 penieie. In 1972 and 1973 a blanket 
application of nitrogen was added to all sites. The 1972 and 1973 
crops, as a result of this added nitrogen, showed excellent yields and 
good residual effects of the previously applied phosphorus. This is 
especially true for sites 01 and 03 which were originally low in 
extractable phosphorus. Sites 23 and 25, which were originally high in 
extractable phosphorus, showed little in the way of residual effects. 
To this author, it would appear that if nitrogen had not been a limit- 
ing factor from 1969 - 1971, yields in the field would likely have 


shown a similar trend to the yields for the greenhouse crops. 
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V GENERAL DISCUSSION 

For the four or five years that fertilizer phosphorus was added 
to the six sites (13-54 kg P/ha/yr), totals ranging from 52-270 kg P/ha 
were applied. Percent phosphorus in the barley grain was not determined 
but an average value of 0.4% P (Martin et al 1972) would likely be 
applicable. Crop removals would therefore average approximately 7 kg 
P/ha/yr or approximately 42-49 kg P/ha by the time the soil samples 
were taken (6 - 7 years after commencing the field plots). This is 
an estimate only since not all crops were harvested (hence no phosphorus 
removal), and not all crops or treatments would contain 0.4% phosphorus. 
The plots with low levels of extractable phosphorus may have had 5-6 
kg P/ha/yr for a total of 30-40 kg P/ha removed while plots with 
higher levels of phosphorus may have had 6-8 kg P/ha/yr for a total of 
36-56 kg P/ha removed. Thus, the phosphorus removals by the field 
crops were somewhat smaller than additions. Hence, if there is no 
loss of phosphorus because of leaching or in gaseous forms (and no 
loss would be expected), there should be a net increase of 10-20 kg P/ha 
on some plots and up to 175-200 kg P/ha on others. 

The total phosphorus results (Table 3) showed a general increase 
in soil phosphorus for each site from the 0 to 54 kg P/ha/yr rate, but 
little indication of phosphorus gain for the 3, 13 and 27 kg P/ha/yr 
rates. The precision of the total phosphorus method was not high and 
probably accounts for the lack of difference among the lower phosphorus 
rates. However, while the total phosphorus results did not show 
pronounced gain differences, they did give an estimate of the phosphorus 
status of the soil before the project began and also helped to show 


the relative "fixing" capacity of each of the soils when the total 
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phosphorus data were compared with the extractable phosphorus results 
(Appendix A-6). The three chernozemic sites (01, 05 and 21) showed 
similarly high total phosphorus in the soil but the extractable phos- 
phorus levels for site 01 were somewhat lower than for sites 05 and 
21, suggesting that the "fixing" capacity of the site 01 soil was 
somewhat greater. The three Luvisolic sites showed lower total phos- 
phorus values (03 was lower than 23 and 25). The extractable phosphorus 
levels for site 03 were also very low but the levels for sites 23 and 
25 were very high. It seems apparent that the soil of site 03 was 
originally low in phosphorus and also had a high "fixing" capacity. 
The site 23 and 25 soils were likely low also but have low "fixing" 
capacities and therefore show high extractable phosphorus increases 
after four or five years of phosphorus fertilization. 

All sites showed some extractable phosphorus accumulation although 
not approaching the theoretical 175-200 kg/ha mentioned previously. 

The amount of the increase was dependent upon the original phosphorus 
in the soil, the rate of phosphorus applied and the "fixing" capacity 
of each soil. 

After the phosphorus in the soil has been built up, are plants 
then able to utilize it? Extractable phosphorus (Figs. 1-3), dry 
matter yields (Figs. 5-7) and phosphorus uptake data (Figs. 11-13) all 
show decreases with cropping in the greenhouse. Good correlations exist 
between extractable phosphorus levels and yield, phosphorus content and 
phosphorus uptake (Table 5). It is apparent then that not only is 
extractable phosphorus built up in the soil over time; but this 
"residual" phosphorus can be utilized by plants. However, once the 


extractable phosphorus decreases to 5-10 ppm, crop yields are very low 
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TABLE 5 


Linear correlation coefficients for extractable phosphorus vs. yield, 
phosphorus content and phosphorus uptake for the four greenhouse 
crops. 


Variables Ext Pi vs Wield... .Ext P vs P content Ext P vs P uptake 


"ry" Values 
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and pronounced deficiency symptoms are evident. 

Farmers commonly add 6-13 kg P/ha (15-30 lb P20s/ac), which is 
at the lower end of the range studied in this project. Thus, their 
additions may be little, if any, above the average crop removals 
(average removal of 7 kg P/na/yr) . Therefore, little increase in 
extractable phosphorus and hence little residual effects on crops would 
be expected. However, phosphorus levels would be maintained. Where 
higher rates of phosphorus are being added (e.g. 20-25 kg P/ha or 50 lb 
P20s/ac), then one would expect a definite increase in extractable 
phosphorus levels over a number of years. Eventually it should be 
possible to reduce fertilizer applications without reducing yields. 

The higher rates would also give a definite residual phosphorus effect 
on plants which would be most evident on low phosphorus soils. This 
is shown by the greenhouse data (Figs. 1, 5, 8 and 11) and the field 
data (Table 4) for sites 01 and 03. 

What* is’ the’ practicality of this study? The average farmer is 
not likely to add more phosphorus than needed in rah Seana year just 
to build up the soil phosphorus. It is more likely that he will add 
enough phosphorus to maximize returns in the current year and take 
whatever residual effect he gets as. a "fringe benefit". To get maximum 
returns the farmer will likely have to add much more phosphorus than 
the crop is likely to use, especially on soils low in phosphorus (the 
majority of soils). Eventually, then, one should expect extractable 
phosphorus to increase, thereby reducing the current phosphorus 
requirements. 

Heapy (submitted) showed that the current optimum phosphorus rate 


was given by the equation: 
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Pal = 19.6 - 0.23 Pg 


where Pat = economic optimum phosphorus rate to add in kg/ha, and 
Pg = extractable phosphorus in kg/ha. This equation can be applied 
tetwo: "extreme" field jsituations.! First,;.if Po isl0 kg/ha (approx: 


5 ppm), then: 


1 = 19.6 — ‘(0.23)G10) 


17.3 kg/ha 


Pa 


Thus, based on this data, one would recommend that on the lowest 
testing soils (sites 01 and 03), farmers might apply about 17 kg P/ha. 
This rate would be between the 13 and 27 kg P/ha rates used in this 
study. After a few years the extractable phosphorus would be increased 
to 20 kg/ha for example. At this time one could then reduce Pal as 
follows: 


Pal = 19.6 - (0.23) (20) 
15 kg P/ha 


Secondly, if Pg is 50 kg/ha (=25 ppm), then: 


Pal = 19.6 - (0.23) (50) 
8.1 kg/ha 
This rate is below the lowest (13 kg P/ha) rate used in the present 
study and there would therefore be no residual effect, i.e. no buildup 


of extractable phosphorus. This rate would in fact replace about the 


amount of phosphorus removed each year. These results appear to support 


Soper (1967), that on high phosphorus soils one should annuaily add 6-7 
kg of phosphorus while on very low phosphorus soils one should add about 


22 kg P/ha. 
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APPENDIX 


Determination of total soil phosphorus. 


Ascorbic acid-reduced molybdophosphoric blue 


color method, in H 2S0q4. 


Wet digestion procedure for the analysis of 


plant material. 


PH of soils used in greenhouse experiments. 


Extractable phosphorus on 
and after each greenhouse 


Extractable phosphorus by 
soil samples prior to the 
experiment. 


Dry matter yields for the 
experiments. 


the soils prior to 
experiment. 


two methods on the 
first greenhouse 


four greenhouse 


Phosphorus content in the plant material for 


the four greenhouse crops. 


Phosphorus uptake by barley plants in the 
four greenhouse experiments. 


Statistical analysis of the dry matter yield 
data for the four greenhouse crops... 
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Appendix A-l. Determination of Total Phosphorus 


Weigh 1g of oven dried soil into a porcelain crucible and ignite in 
a muffle furnace at 600°C for one hour. Transfer the ignited sample to 
a 100-ml teflon beaker with 1+1 HCl. Evaporate to about 10 ml. Add 15 
to 20 ml conc. HCl to the beaker and evaporate to dryness. Add 10 ml of 
conc. HNO3 and 10 ml of 48% HF to the beaker and again evaporate to dryness. 
This step is repeated. Dissolve the residue with 10 ml conc. HCl and 30 
ml water. Transfer the solution to a 200-ml volumetric flask. To the 
beaker add a few ml of 1+1 HCl and place back on the sand bath to remove 
the residue. Transfer the solution to the same flask and make solution 
up to volume with 5% HCl. A blank extract is prepared in the same way 
with all the reagents except soil. Phosphorus in the extract is determined 
by the ascorbic acid-reduced molybdophosphoric blue color method in HjS04 


system as described in Appendix A-2. 
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Appendix A-2. Ascorbic Acid-Reduced Molybdophosphoric Blue Color Method 
in H2SO4 System. 


a) Reagents 

Reagent A-- Dissolve 12 g of ammonium molybdate in 250 ml of water. 
In 100 ml of water dissolve 0.2908 g of antimony potassium tartrate. 
Add both of the dissolved reagents to 1 liter of 5N H2S0,, mix thoroughly 
and make to 2 liters. Store in pyrex glass bottle in a dark and cool 
compartment. 

Reagent B=- Dissolve 1.056 9 of ascorbic acid in 200 ml of: reagent A. 
Prepare this reagent as required as it does not keep for more than 24 


hours. 


b) Determination of Phosphorus 

Pipette aliquots containing 1 to 20 ug (0.08 to 0.80 ppm P in final 
volume) of orthophosphate into 25 ml-volumetric flasks. Adjust to pH 5 
using p-nitrophenol indicator. Predetermine the amount of acid or alkali 
needed to bring pH to 5 in some aliquots and dispense the same amount to 
all unknowns. Add water to 20 ml and then add 4 ml ae reagent B and the 
solution is made to volume. The color is stable for 24 hours and maximum 
intensity is obtained in 10 min. Read the color intensity ona 


spectrophotometer at 882 mu. 
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Appendix A-3. Wet Digestion Procedure for the Analysis of Plant Material. 


Grind the dry matter to pass through a 20-mesh screen. Weigh 0.500 g 
of this intova l0O=ml ‘test .tube. Add 12:-ml of conc. HNO3, then 2.ml1’of 
conc. HCl0O,. Predigest at room temperature for 1 hour; digest at higher 
temperature for 1 to 2 hours. Dilute the clear extract to 200 ml, then 
take a 2 or 5 ml aliquot for phosphorus determination. Phosphorus in the 
extract is determined by the ascorbic acid-reduced molybdophosphoric 


blue color method in H,SO, system as described in Appendix A-2. 
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APPENDIX A-4 


pH of soils used in greenhouse experiments. 


Previous P 


(kg/ha) 
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APPENDIX A-5 


Extractable phosphorus on the soils prior to, and after each 
greenhouse experiment. 


Site Previous P Extractable P (ppm) after crop numbers: 


(kg/ha) 
Deck 2 3 4 
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27 TO ke oes nu GG 3.7 
54 LCs OO ale Median Gls eee 
05 0 De AMA ad, AU Gey, WS. 
13 LAO RNeC I WAG ON eget te lai7 
27 250g) sO tee) 11253) 10.0 
54 GU) Aso ead. 2612" 20.0 
ah 0 Sioa OL LO On ca Tell as 
13 Gee SiGe Gia G28 eae 
27 Pye Mc Me phy ie Last cian 9 
54 Pua to ery MRO © cst ae 
23 0 S0c0 7 aie chia. Se ysu gy 19.5 
rie} 27S) eaewaiess On yi 50 tes 2 
27 he ane bie eho 71 ae ay inet yn ol 
54 G357) Se area seo. 31.2 
25 0 AG Tee oe Sane ope iG 0 15). 
13 BOc0, 32:50 8.00 olo. ui aS 
27 Fo NSCs a3 eh Geo 
54 Oa Gloss SOsDy. Ad eae. 5 


¥ Oe DL1Or CO Crop #2 | 


ee gre, soos crap) % seems 


ae oo ee ee 
i er ree 
i 


x . wT, 
yy! ¢ as 
———— i . 
’ ¢ ib 
er 


7 pt GE ee Fa 
. Mg ot? 
oF > s i 


0. aE oat 
Lee VE ODE 
er aa Sa 9S 


no SEE Boll at gti ge, 


Bart ian) a e 


: ey oe 


7 : : se ; 

a - f - bi - o 7 ; 
7 ; a OL ee 
bee ered re ik 


oe 
ee 


, Fi “we Ps bf my, 
= am  aiaihiaa on a res 


S38 - Oefacee : 
Pe O08 Ba Tel 

ba Aepeeteet Me I ha 
IAL, has Geek! 


eRe me as eee 
ig) ete tee i. | 
C.8E. Sh OOP 

mies Bate’ SL6t 


! 
4 a 


sata 
ae 
— 


ot op a oh 


APPENDIX A-6 


Extractable phosphorus by 2 methods on the soil samples prior to 
first greenhouse experiment. 


Site Previous P 
(kg/ha) Extractable Phosphorus (ppm) 
Olsen Method Miller & Axley Method 
Ol 0 Si2 8.7 
13 9.0 30854 
Zo 16.0 | 18.0 
54 2500 312 
03 0 Oss 9:30 
Nes! oF2 Soy 
7a 12.0 EICO 
54 2100 31S 
05 0) 14.7 20:35 
13 1287 17:30 
27 34.3 52.0 
54 46.1 6lz2 
Pan 6) 18.0 SLe2 
13 P2240 55.56 
27 3052 LaG4T ES 
54 56 25 91.0 
23 0 19.0 30.0 
23 E655 3fs5 
a7 3002 5560 
54 41.0 S327 
26 0 26.65 48.7 
aS. 29.0 50.0 
27 36.0 | 73087 
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APPENDIX A-7 


Dry matter yield for the four greenhouse experiments. 


Site Prev. P 


(kg/ha) 
a* 

o1 One et3es2 
13 3.56 
Diana 

5 Aram ae s5 

03 0 cea! 
13 3.70 

27 3.70 

54 3.05 

05 Omer At OF 
13 3.56 

27a 4 

| 5A te 29 

ak 0 4.93 
13 S108 
Teed 

54 4.44 

23 O 24 3.95 
13 4.33 

27 4.04 

54 4.48 

25 Olas 4.55 
13g ALO 
A) 

54 4.47 


* a- yield of pots 
+ pb - yield of pots 


Dry matter yield (g) for crop numbers: 


fertilized in greenhouse 


not fertilized in greenhouse 
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APPENDIX A-10 


Phosphorus content in the plant material (tops) for the four 
greenhouse crops. 


Site Previ.soP Phosphorus content (%) in crop numbers: 
(kaha) oe yrs. 
Ol ) 0.25 Ong 
13 0.25 0.18 
Pad Or2d Owl) 
54 0.34 0.24 O.19 
03 0) 0.19 Ona 
3 O718 O56 
fa | 0.19 O-wnk5 
54 O21 0.26 0.19 
05 ) 0.26 OTL8 
ule 0.26 ome bys 
27 0.42 O22 
54 OTD Omoe Osa 
Pah 0 O24: Ops 
a3 On.5 Owl? 
27 Oaa2 On'22 
54 0.53 0.49 Ost 
ao 0 0.18 0.14 
13 0.25 Osi2 
27 O29 Oe2d 
54 0.48 0.41 0.34 
25 0 O25 Ow L7 
13 0.34 Over 
Pa 0.40 O27 
5404 0.520. 40 10. O230|0 307 0.24 O. 31 
* a- P content of pots fertilized in greenhouse 
+ b - P content of pots not fertilized in greenhouse 
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APPENDIX A-9 


Phosphorus uptake by barley plants in four greenhouse experiments. 


Site Previous P Phosphorus uptake (mg) for crop numbers: 
(kg/ha) 
1 2 3 4 
01 0 4.75 2.88 0.84 Loo 
igs) 4.10 t 62 Too 0.72 
ae 1335 3269 q256 2363 
54 8.69 1.18 4.90 E285 
03 ) 1.48 0.66 0558 O71 
pe} P62 eal 0.52 1.00 
27 2.47 1.40 0.56 0.43 
54 5307 PRET a 2205 2.90 
05 0 9.02 7.24 1.43 Heads) 
r3 8.42 e222 teed 2.00 
au 16.67 9.03 4.08 4.20 
54 Zee 16225 Gerke 6.74 
yan 0 8.50 5520 2.44 22395 
a3 6.00 aece 1.64 PHO 
27 13.86 6.74 Taod 4.39 
54 21.07 19.34 12.40 S271 
Za ) 5 le By 2202 2.54 
13 9265 5.09 2.65 2.24 
Pad 10.93 8.38 Dele 4.30 
54 16.60 17.18 10.07 8.42 
oo 0 9.66 dete 4.53 3.6L 
ES 14.80 8.29 5.40 S203 
P17 cu 12.49 SIS Dies0 
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APPENDIX A-10 


Analysis of variance of the dry matter yield data for the four 
greenhouse crops. 


Crop Site Previous P Ss Xae 
(kg/ha) 


"F" Values 


* Significant at the 1% level 
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